Transglutaminase (TGase), an enzyme that catalyzes the formation of inter-and intra-molecular -(l-glutamyl) lysine (GL) crosslinks, plays an important role in surimi-based products production. The development and the diversification of surimi-based products have recently been getting popular in Indonesia. These surimi-based products can be made from various types of fish. These products generally exhibit good gel strength properties, depending on the fish type and the processing method used. Transglutaminase plays an important role in generating such properties. Fish's endogenous TGase reduces quickly after it is caught and is almost completely destroyed by freezing it, applying exogenous TGase may improve fish's gel forming ability. Microbial transglutaminase (MTGase) can potentially be used to increase gel properties. In this research, a total of 228 Streptomyces strains from marine and terrestrial environments were screened and selected based on their ability to produce MTGase. Strain TTA 02 SDS 14 exhibited the highest activity; and therefore, it was selected for further study. The 16S-rRNA gene analysis showed that it shared 99% similarity to S. thioluteus. In order to optimize MTGase activity, enzyme production was carried out using six different formulas media, designated as media A, B, C, D, E, and F. The result shows that the highest MTGase activity was observed in medium B that contains pepton (1.5%), MgSO 4 .7H 2 0 (0.1%), KH 2 PO 4 (0.5%), Na 2 HPO 4 (0.5%), soybean powder (2%), potato starch (2%), and glucose (1.5%). The MTGase activity reached the highest level (1.45 U/ml) after 4 days of incubation
Introduction
Microbial transglutaminase (MTGase) is one of the most popular enzymes widely used in food industry. This enzyme, known as a meat glue, has the ability to form covalent bonds between glutamine and lysine; thereby improving food products' physical properties, including the appearance and the strength of dough, firmness, elasticity, and water-binding capacity (Kieliszek & Misiewicz, 2014) . In fish processing industry, MTGase can be used to improve functional properties, particularly the texture of minced meat or surimi-based product (Tammatinna et al., 2007; Norziah et al., 2009 ).The quality of surimi or minced fish-based products is particularly affected by fish freshness and the type of fish, which are related to its gel forming ability. The use of MTGase has opened opportunities to process other fish, including cultured fished to generate surimi-based products (Chasanah & Fawzya, 2015) as MTGase is able to improve the gelling capabilities of some Indonesian minced freshwater fish.
Most MTGases are produced by the members of Streptomyces genus, exemplified by Streptomyces lydicus (Faergemand et al., 1997) , Streptoverticillium cinnamoneum subsp. cinnamoneum (Duran et al., 1998) , Streptoverticillium mobaraense (Kikuchi et al., 2003) , Streptoverticillium ladakanum (Tellez-Luis et al., 2004) , Streptomyces netropsis (Yu et al., 2008) , and Streptoverticillium hygroscopicus (Aidaroos et al., 2011) . It has also been reported to be found in Bacillus subtilis spores (Liu et al., 2014) .
Increasing fish production in Indonesia has triggered the development of fisheries product processing industries, including those generating surimi-based products and processed minced fish products. This circumstances would increase the demand of MTGase which is used as an aid in fish based product processing. Therefore, studies on MTG ase production using local TGasemicroorganisms based on local media are expected to decrease the dependency of MTGase import from Japan (personal communication). This research is aimed at screening and selecting the TGase-producing Streptomyces on several different medias to obtain the most suitable medium for large-scale MTGase production.
Material and Methods

Streptomyces Isolates
Streptomyces isolates were obtained from two different Culture Collections, i.e. from Hydrology Laboratory, Department of Fisheries, Faculty of Agriculture, Gadjah Mada University (50 isolates) and from Research Centre for Biotechnology, Indonesian Science Institute (LIPI) (178 isolates). 50 isolates from the 1 st group were isolated from marine environment (25 isolates) and soil (25 isolates). The 2 nd group contains of 178 isolates, isolated from various environments, i.e. soil, peat soil, sediment, and litter.
Chemicals and Media
The chemicals used for standard and substrates for enzyme activity assay were purchased from Sigma Chemical Co. Ltd. Other chemicals and media were used for microbial cultivation and enzyme production, for the identification of selected Streptomyces, and for assaying enzyme activity.
Screening of Transglutaminase Producing Streptomyces
Samples from Gadjah Mada University were firstly screened qualitatively using filter paper disc (FPD) method developed by Bourneow et al. (2012) with slight modification. The positive colonies were then quantitatively assayed for their enzyme activity (Grossowicz et al., 1950) with slight modification.
Steps for the qualitative test are as follows: FPD was put on the colony of the isolates grown on International Streptomyces Project-2 (ISP2) solid media that contains 0.4% glucose, 0.4% yeast extract, 1% malt extract, and 1.5% agar; then, 30 l of substrates (mi xed of 37.5 mM CBZ-Gln-Gly, 125 mM hydroxylamin, and 12.5 mM glutathion in 200 mM citrate buffer, pH 6.0) was dropped on it. Incubation was conducted at 37 o C for 3 hours. Then, 10 l of FeCl 3 5% in TCA 15% was dropped on FPD, and incubated at the same temperature for an hour. The positive colonies that produce MTGase showed brown color intensity of the FPD.
The screening for samples from LIPI was conducted quantitatively by determining the MTGase activity of the isolates produced in ISP2 liquid medium (Grossowicz et al., 1950) . One loop of each colony on solid ISP-2 medium was inoculated into 100 ml erlenmeyer flasks that contain 15 ml ISP medium, and was incubated in a shaker incubator at 30 Quantitatively positive samples were confirmed by PCR-detection for their partial MTGase gene. Amplification was done using degenerate primer PTGase4 (5'-TACGGCTGCGTCGGTGTCAC-3') and PTGase5 (5'-GACGGTCGTGATTGCCTCC-3') designed based on the conserved regions among TGase sequences obtai ned f rom G enBank. Streptoverticillium ladakanum NRRL 3191 was used as positive control. Genomic DNA from each isolate was extracted using Genomic DNA mini Kit (Geneaid), following the manual instruction from its manufacturer. After the amplification process that was carried out in a G ene Amp® PCR System 9700 (Appl ied Biosystem), the PCR product of the targeted gene was visualized on 1% agarose gel using a BIORAD UV-transluminator and was documented by Gel -Doc apparatus (Biometra).
Identification of MTGase Producing Isolates
The selected positive MTGase isolate was identified based on 16S-rRNA sequen gene. The amplification was conducted using primer of 27F (5'-AGAGGTTGATCCTGGCTCAG-3') and 1492R (5'-GTTTACCTTGTTACGACTT-3') (Lane et al., 1991) ,
No
Isolate code Source of isolate Fawzya et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 13-21 followed by DNA sequencing. The sequenced data was analyzed at the National Centre for Biotechnology Inf ormation (NCBI) serv er (http://www.ncbi. nlm.nih.gov), using Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) . The result was then used to construct a phylogenetic tree using MEGA 6.0 (Tamura et al., 2013) .
Optimization of MTGase Production from Streptomyces
Optimization was carried out to determine both the pH and the temperature of MTGase production in ISP-2 medium and to select the medium with high activity. One loop of fresh isolate cultivated in the ISP-2 solid was inoculated into a starter medium by referring to Tellez Luis et al. (2004) , and was incubated at 30 o C and 150 rpm for 5 days. The starter was then transferred into production medium (10%) with the same composition as the starter, which was adjusted for 3 pH values, i.e. 6, 7, and 8. The culture was then incubated at 25, 30, and 35 o C and 150 rpm for 5 days. Furthermore, the crude enzymes were determined daily, based on Grossowicz et al. (1950 First, the starter of the selected Streptomyces sp. was prepared using each medium. Then, each of them was transferred (10%) to a 50 ml medium in 200 ml flask for MTGase production. Incubation was done at 125 rpm for 5 days in a shaking incubator, and sampling was carried out daily. Each sample was centrifuged at 4 o C, 8000 g for 15 minutes, and the MTGase activity of the supernatant was determined.
Results and Discussion
Screening of MTGase Producing Streptomyces
In this research work, 50 Streptomyces isolates provided by Gadjah Mada University (UGM) were qualitatively screened for their ability to produce transglutaminase. The screening result showed that 9 isolates growing on solid media exhibit MTGase activity. However, the MTGase activity was not Y. N. Fawzya et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 13-21 detected in those cultivating in liquid medium for 3-7 days (Table 1 and Figure 1 ).
On the other hand, the qualitative screening of 178 Streptomyces isolates provided by Indonesian Science Institute (LIPI) showed that 10 of them exhibit relatively high MTGase activity in the range of 0.23 to 3.89 U/ml after being incubated in liquid medium for 3-7 days ( Table 2 ). The highest activity was observed on isolate TTA 02 SDS 14 derived from Mount Tambora Savana, Bima, West Nusa Tenggara. However, the activity is slightly lower compared to the reference strain, Streptoverticillium ladakanum NRRL 3191 (5.85 U/ml). This reference strain had been used in the previous works at CRDMFPCB for local media development in MTGase production as well as for the production of restructured fish meat (Zilda et al., 2011; Fawzya et al., 2011) .
PCR-amplification was conducted to confirm the presence of partial transglutaminase gene on 10 positive isolates. Among the 10 isolates, only TTA 02 SDS 14 exhibited the targeted PCR product of around 470 bp, similar to the size shown by positive control S. ladakanum (Figure 2) . Therefore, TTA 02 SDS 14 isolate was selected for identification and further studies. The analysis of partial MTGase gene sequence showed that it shares 93% similarity (at the nucleotide sequence) with that from Streptomyces cinnamoneous as reported by Duran et al. (1998) .
Identification of Streptomyces TTA 02 SDS 14 Based on Sequence Analysis of 16S rRNA
Analysis of 16S-rRNA Streptomyces TTA 02 gene showed that it belongs to Actinobacteria family. Furthermore, blast search showed that it is closely related (99% similarity) with Streptomyces thioluteus, as presented in Figure 3 (GenBank accession no. HQ853022.1). S.thioluteus was firstly reported by Okami in 1952 and is also known as "Streptomyces thioluteum" Okami 1952 and "Verticillomyces thioluteus" Shinobu, 1965 (LPSN, 2016 Table 2 . Streptomyces isolates which exhibited MTGase activity quantitatively Note: Isolate producing the highest MTGase activity, and was selected for further work. Figure 2 . The PCR product of 10 isolates amplified using a MTGase-targeting primer pair. Y. N. Fawzya et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 13-21 group-containing antibiotics and aureothricin (Hirata et al., 1961 in Kou-San Ju & Parales, 2010 Whitman, 2012) . However, the information about MTGase produced by this isolate has not been reported. Among many bacteria that are capable of producing MTGase, the members of Streptomyces exhibit significantly higher yield of MTGases compared to other bacterial groups. High activity of MTGases were particularly found in S. platensis (1.0 U/ml) with increased activity of up to 5.7 U/ml after being cloned in S. lividans (Lin et al., 2006) , and up to 5.3 U/ml was found in a Y. N. Fawzya et al. /Squalen Bull. of Mar. and Fish. Postharvest and Biotech. 11 (1) 2016, 13-21 Streptomyces hygroscopicus (Liu et al., 2015) . Transglutaminase activity varies depending on strain, culture medium, and cultivating condition. These strains have been used for industrial MTGase producer (Zhang et al., 2009 ).
C
TTA 02 SDS 14 isolate grew well on ISP 2 medium, characterized by red pigment on the colony at 2-3 days incubation, and subsequently with white aerial mycelium observed at 8 days of incubation. The strain exhibited morphological characteristics typical to Streptomyces genus. Whitman (2012) stated that Streptomyces thioluteus grows well on several media, such as potato-glucose agar, inorganic salt-starch agar, glucose asparagine agar (ISP5 medium with 1% glucose replacing glycerol), yeast extract-malt extract agar, etc. On ISP5 medium, the strain produced yellow to brown yellow pigment and yellowish poor aerial mycelium. Meanwhile, brown color with yellowish aerial mycelium was observed on the TTA 02 SDS 14 colonies cultivated on yeast extract-malt extract agar. However, there has been no previous report on its growth on the ISP2 medium containing glucose, yeast extract, and malt extract. Gram staining showed that the isolate is Gram positive, non motil, and filamentous. It formed cylindrical shapes that stick with each other like a chain, and produced hyphae (Figure 4) .
Optimization of MTGase Production from Streptomyces thioluteus TTA 02 SDS 14
There are several environmental factors that affect cell growth and product f ormation, including temperature, pH, nutrient composition, dissolved oxygen, etc. The observation on the effect of temperature and pH on MTGase production during TTA 02 SDS 14 cultivation showed that the highest activity (0,115 ± 0.003 U/ml) was found on the cultivation condition at 25 o C and pH 6 for 4 days ( Figure 5 ). At 30 o C, the MTGase activity was still high, up to 5-days incubation. However, the optimal activity at this temperature is lower than that at the temperature of 25 o C. Members of Streptomyces mostly grow at 10-37 o C temperature (Deeble et al., 2005 in Hasani et al., 2014 , except a few species that belong to thermophile, which show good growth at 45-55 o C. They also need less moisture than other bacterial genera, and are very sensitive to wet conditions, like muddy soil. Idris et al. (2010) stated that Actinomycetes commonly grow at pH 5.5 to 9.5. Meanwhile, Kontro et al. (2005) found that Actynomycetes grow well in broad pH range, depending greatly on nutrients. Rich medium with high organic content allows growth over a wide pH range. Regarding MTGase production, Meiying et al. (2002) found that the two-step fermentation of S. mobaraense by shifting the pH from 7.0 to 6.5 results in higher MTGase activity than fermentation at a constant pH.
MTGase activity of Streptomyces thioluteus TTA 02 SDS 14 Cultivated in six Different Media
The effect of media composition on the MTGase activity produced by Streptomyces thioluteus TTA 02 SDS 14 is presented in Figure 6 . Among six media used to cultivate Streptomyces sp. TTA 02 SDS 14 for MTGase production, medium B developed by Bahrim et al. (2010) resulted in the highest activity at 4 days of incubation. The MTGase activity reached 0.145 ± 0.014 U/ml ( Figure 5) . The other media, except medium F, showed the highest MTGase activity at 4 days of incubation. Medium F reported by Bourneouw et al. (2012) achieved the highest MTGase activity at 3 days of incubation. Medium B is particularly rich of carbon and nitrogen sources that contribute to the high growth of the isolate. Further, this influenced the high yield and activity of MTGase. Medium B contains peptone and soybean powder as its nitrogen source as well as glucose and potato starch as its carbon a b c d source, in which the total concentration is relatively higher than that in other media. Similar result was also reported by Yan et al. (2005) and Bahrim et al. (2010) . The effect of medium composition on cell growth and product formation was also observed in microbial natural colorants (Palanichamy et al., 2011; Santos-Ebinuma et al., 2013) . Other factors that may affect microbial growth and their metabolite products are sal t types or trace el ements and their concentrations and process conditions, including pH, temperature, dissolved oxygen, etc. Zhang et al. (2009) found that transglutaminase secretion is also associated with Streptomcyes differentiation.
MTGase activation mechanism in Streptomyces has been investigated by Pasternack et al. (1998) . Streptomyces transglutaminase is initially secreted as a pro-transglutaminase that could subsequently be activated by several exogenous proteases. Furthermore, Zotzel et al. (2003) found that endogenous protease could also activ ate S. mobaerensis MTGase. According to Zhang et al. (2009) differentiation, in which it is secreted and activated during the differentiation event. As revealed in this study, the TTA 02 SDS 14 cultivated in liquid ISP2 medium for 5 days exhibited higher MTGase activity compared to that cultivated in the same medium for shorter days of incubation (data was not shown). At 5 days of incubation, cell differentiation on solid media is indicated by the formation of aerial mycelium that may appear floccose (Ambarwati et al., 2012) .
Conclusion
Among the ten Indonesia Streptomyces isolates selected based on their ability to produce MTGase quantitatively, the isolate TTA 02 SDS 14 derived from Mount Tambora Savana in Bima, West Nusa Tenggara, exhibited the highest MTGase activity. This activity was verified at genetic level through partial PCRamplification of its MTGase gene. The 16S rRNA gene analysis showed its identity as Streptomyces thioluteus. Cultivation of this MTGase-producing isolate in a liquid medium developed by Tellez-Luiz et al. (2004) resulted in optimal MTGase production at 25 oC and pH 6. Among six different media used in MTGase production, medium B developed by Bahrim et al (2010) showed the highest activity. This medium contains pepton (1.5%), MgSO 4 .7H 2 0 (0.1%), KH 2 PO4 (0.5%), Na 2 HPO 4 (0.5%), soybean powder (2%), potato starch (2%), and glucose (1.5%). Using medium B, the MTGase activity reached the highest level (1.45 U/ml) at 4 days of incubation.
